





 Importance of different types of prior knowledge in selecting genome-wide findings 
for follow-up 
Minelli C, De Grandi A, Weichenberger CX, Gögele M, Modenese M, Attia J, Barrett JH, Boehnke M, 
Borsani G, Casari G, Fox CS, Freina T, Hicks AA, Marroni F, Parmigiani G, Pastore A, Pattaro C, 
Pfeufer A, Ruggeri F, Schwienbacher C, Taliun D, Pramstaller PP, Domingues FS, Thompson JR 
2 
 
Supplementary Table 1. Change in experts’ opinions from Delphi Round 1 (R1) to 2 (R2). Expert 9 did not participate in R 2. Example of how the questions 
(Items, “I_”) were formulated: “How many times more likely to be associated with the phenotype is a SNP in a functional protein domain compared with a SNP 
which is not?” 




R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R1 R2 
I_1. The SNP is in a transcribed 
genomic region 
The SNP is in a transcribed 







































I_2. The SNP is in a translated 
genomic region (exon) 
The SNP is in a translated 
genomic region (exon) but 








































I_3. The SNP changes the amino 
acid 
The SNP changes the amino 
acid but is not in a 







































I_4. The SNP is in a functional 







































I_5. The SNP is in a regulatory 
region 
The SNP is in a regulatory 








































I_6. The SNP is in a transcribed 







































I_7. The SNP is in a genomic 
region evolutionary conserved in 
vertebrates 





































I_8. The SNP is in a genomic 
region evolutionary conserved 
across all kingdoms 
Deleted 1 1.5 - 30 - 2 - 3 - 2 - 6 - 2.5 - 1 - 30 4  
I_9. The SNP is in a gene (±5kb) 
that has been associated with the 
same/closely related phenotype in a 
high quality study or a meta-
analysis 
The SNP is in a gene (±5kb) 
that has been associated 
with the same/closely 
related phenotype in a meta-







































I_10. The SNP is in a gene (±5kb) 
that has been associated with the 
same/closely related phenotype but 
not in a high quality study or a 
meta-analysis 
The SNP is in a gene (±5kb) 
that has been associated 
with the same/closely 








































I_11. The SNP is in a gene (±5kb) 
which is under a linkage peak that 
has been associated with the 
same/closely related phenotype 








































I_12. The SNP is in a locus within 
which other SNPs have been 
associated with the same/closely 
related phenotype 





































I_13. The SNP is in a gene (±5kb) 
that has been associated with the 
same/closely related phenotype in 
vertebrate animal models The SNP is in a gene (±5kb) 
that has been associated with 
the same/closely related 
phenotype in functional 





























I_14. The SNP is in a gene (±5kb) 
that has been associated with the 
same/closely related phenotype in 
invertebrate animal models 
10 1 7 2,000 5 5 10 50 50 1,000  
I_15. The SNP is in a gene (±5kb) 
that has been associated with the 
same/closely related phenotype in 
in-vitro functional models 
8 3 8 3,000 20 8 8 50 50 2,000 
I_16. The SNP is in a gene (±5kb) 
which has tissue expression relevant 
to the phenotype 
The SNP is in a gene (±5kb) 
which is highly expressed in 








































I_17. The SNP is in a gene (±5kb) 
which encodes a protein relevant to 
the phenotype 
Deleted 3 14 - 3 - 6 - 400 - 5 - 10 - 7 - 100 - 40 4  - 
I_18. The SNP is in a gene (±5kb) 
which shows gene/protein 
interactions relevant to the 
phenotype 





































I_19. The SNP is in a gene (±5kb) 
belonging to a gene family of which 
a member has been convincingly 
associated with the same/closely 
related phenotype 
Deleted 3 5 - 2 - 3 - 200 - 10 - 6 - 10 - 75 - 30 10 - 
I_20. The SNP is in a gene (±5kb) 
where the gene product is in a 
pathway relevant to the phenotype 
The SNP is in a gene (±5kb) 
which encodes for a protein 









































1 I_8 deleted because of similar relative probability and very high correlation with I_7, which was felt to be more relevant; 2 I_13, I_14 and I_15 had similar relative probabilities and high correlation - collapsed into one general 
question covering all of them since they did not seem to convey additional information when considered individually; 3 I_17 and I_19 deleted because of similar relative probability and high correlation with I_18, which was felt 
to be more general and informative 
4 
 
Supplementary Table 2. Comparison in the formulation of questions to the experts vs. queries for the bioinformatics tool 
Question to the experts Query for the bioinformatics tool Data bases  
Q1: SNP in a transcribed but not translated region 
SNP with a transcript, located in (any of the following): 
 an intron, a 5’ or 3’ UTR of a coding gene 
 anywhere in a non-coding gene 
 anywhere in a micro RNA gene 
Ensembl(1) 1, 2 
Q2: SNP in a translated region but does not change 
the amino acid SNP with a synonymous variation Ensembl
(1) 1, 2 
Q3: SNP changes the amino acid but not in 
functional protein domain 
SNP in a functional protein domain, resulting in (any of the following): 
 a stop codon loss or gain 
 a frame shift 
 a non-synonymous variation 
 a partial (i.e. incomplete) codon 
 a complex insertion or deletion 
Functional protein domains identified from the Pfam database (integrated into Ensembl).  
Ensembl(1) 1, 2, 
Pfam3 
Q4: SNP in a functional protein domain SNP in a functional protein domain, with functional protein domains identified from the Pfam database Ensembl
(1) 1, 2, 
Pfam3 
Q5: SNP in a regulatory region which is not 
transcribed 
SNP identified as (any of the following): 
 present in either the cisRED or the VISTA databases, which cover non-transcribed regulatory regions directly on DNA 
 flagged as regulatory in Ensembl and not transcribed (e.g. binding sites for DNAse I, and transcription factors such as MAX)  
Ensembl(1) 1, 2, 
cisRED4, VISTA5 
Q6: SNP in a transcribed regulatory region 
SNP identified as (any of the following): 
 present in the miRanda database, which covers predicted regulatory microRNAs 
 flagged as regulatory in Ensembl and transcribed 
Ensembl(1) 1, 2, 
miRanda6 
Q7: SNP in genomic region evolutionary conserved 
in vertebrates SNP in genomic region evolutionary conserved in vertebrates as described in Ensembl, which offers an in-house solution covering 19 vertebrates Ensembl
(1) 1, 2 
Q8: SNP in a gene(2) investigated with the phenotype 
in meta-analysis or > 1 study Information on previous investigation of the gene-phenotype association retrieved from HuGE Navigator, using predefined UMLS CUI terms (see Table 2 in the paper). HuGE does not store information on whether previous investigation in a single study refers to a primary study or a meta-analysis, and therefore reported 
hits were post-processed manually to distinguish between the two cases 
Ensembl(1) 1, 2, 
HuGE Navigator7 Q9: SNP in a gene(2) investigated with the phenotype 
in a single study 
Q11: SNP in a locus where other SNPs investigated 
with the phenotype 
Information retrieved from HuGE Navigator (see Q8 and Q9, but regardless of the number of studies), with locus defined as a region extending ±5Mb from the 
SNP 
Ensembl(1) 1, 2, 
HuGE Navigator7 
Q12: SNP in a gene(2) associated with the phenotype 
in animal (mouse) models 
UMLS CUI terms for phenotypes were manually translated to corresponding disease identifiers in OMIM.  
Evidence in mouse on previous association of a human gene with a specific OMIM disease identifier was retrieved from the Mouse Genome Informatics (MGI) 
database, if:  
 the human gene had an orthologous gene in mouse 
AND 
 the gene in mouse was confirmed to be associated with the disease  
Ensembl(1) 1, 2, MGI8 
Q13: SNP in a gene(2) highly expressed in a tissue 
relevant to the phenotype 
Genome-wide expression data were retrieved from the BioGPS database. High expression was defined as an expression level higher than 2 x standard deviation, 
with standard deviation computed from expression data over all genes for the tissue(s) relevant to the phenotype (3) 
Ensembl(1) 1, 2, 
BioGPS9, 10 
Q14: SNP in a gene(2) which encodes for a protein in 
pathway relevant to the phenotype 
Information on pathways retrieved from the KEGG database, with pathways defined as in KEGG (“manually drawn pathway maps representing current 
knowledge on the molecular interaction and reaction networks”) 
Ensembl(1) 1, 2, 
KEGG11 
Q15: SNP in a gene(2) which shows protein-protein 
interactions relevant to the phenotype Information on protein-protein interactions retrieved from Ensembl IntAct database 
Ensembl(1) 1, 2, 
Ensembl IntAct12  
 
(1) We used Ensembl v63, with access to Ensembl datasources through Ensembl's Perl API modules; (2) Any gene within ±5kb from the SNP; (3) Renal dysfunction: kidney; Crohn´s disease: colon, small intestine; Coronary artery 
disease: heart, cardiac myocytes; Rheumatoid arthritis: not available (no specific tissue available); Primary biliary cirrhosis: liver; Type 2 diabetes: pancreas, pancreatic islet; Obesity: adipocyte 
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Supplementary Table 3. Relative probabilities of association for each type of prior knowledge based on experts´ opinions. Relative probabilities (“how many 
time more likely”) are reported together with 95% intervals. RP=relative probability; 95%CI=95% confidence intervals. Sensitivity analysis performed without 
outlier, Expert 4 
Type of prior knowledge 
Expert 
Meta-Analysis (Random-effects) 
Main analysis Sensitivity analysis 
































Q2: SNP in a translated region but does not change the 



























Q3: SNP changes the amino acid but not in a functional 


































































































































Q8: SNP in a gene (±5kb) that has been associated with 
same/closely related phenotype in a meta-analysis or in more 



























Q9: SNP in a gene (±5kb) that has been associated with 



























Q10: SNP in a gene (±5kb) under a linkage peak that has 



























Q11: SNP in a locus within which other SNPs have been 



























Q12: SNP in a gene (±5kb) that has been associated with 
same/closely related phenotype in functional models (animal 



























Q13: SNP in a gene (±5kb) which is highly expressed in a 



























Q14: SNP in a gene (±5kb) which encodes for a protein in a 



























Q15: SNP in a gene (±5kb) which shows gene/protein 




























1 P-value from the heterogeneity test (in bold: p-value <0.10)
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Supplementary Table 4. Relative probabilities of association for each type of prior knowledge based on empirical evidence. Relative probabilities are reported 

























% I2 (p-value)1 

















Q2: SNP in a translated region but does not change 

















































































































Q8: SNP in a gene investigated with the phenotype in 



















Q9: SNP in a gene investigated with the phenotype in 



















Q10: SNP in a gene under a linkage peak that has 
been associated with the phenotype NA NA NA NA NA NA NA NA NA 
Q11: SNP in a locus where other SNPs investigated 



















Q12: SNP in a gene associated with the phenotype in 











Q13: SNP in a gene highly expressed in a tissue 

















Q14: SNP in a gene which encodes for a protein in  



















Q15: SNP in a gene which shows protein-protein 




















1 P-value from heterogeneity test. In bold: p-value <0.1; 2 Random effects meta-analysis: 24.1 (15.5–37.4); 3 Random effects meta-analysis: 7.3 (3.5–15.2); 4 Random effects meta-analysis: 3.9 (2.1–7.4); 5 Random 
effects meta-analysis: 2.4 (1.6–3.6)
7 
 
Supplementary Table 5. Results of the sensitivity analyses performed for 3 of the 7 traits (Renal dysfunction, Crohn's disease, Coronary artery disease) by 
extending the list of UMLS CUI terms to cover “closely related” phenotypes as in the questions to experts, for all questions referring to some previous links with 


















Q8: SNP in a gene investigated with the phenotype in 















Q9: SNP in a gene investigated with the phenotype in 















Q11: SNP in a locus where other SNPs investigated 















Q12: SNP in a gene associated with the phenotype in 











Q13: SNP in a gene highly expressed in a tissue 















Q14: SNP in a gene which encodes for a protein in  















Q15: SNP in a gene which shows protein-protein 
















1 Kidney Calculi; Kidney Diseases, Cystic; Polycystic Kidney Diseases; Hepatorenal Syndrome; Hypertension, Renal; Oculocerebrorenal Syndrome; Renal Aminoacidurias; Renal Artery Obstruction; Balkan 
Nephropathy; Diabetes Insipidus, Nephrogenic; Diabetic Nephropathies; Anti-Glomerular Basement Membrane Disease; Glomerulonephritis; Uremia 
2  Colitis, Ulcerative; Inflammatory Bowel Diseases 
3 Angina Pectoris, Variant; Angina, Unstable; Microvascular Angina; Coronary Vasospasm 
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Supplementary Table 6. Dependence between questions in the empirical evidence: Pearson correlation (phi coefficients) estimated in the 7,000 random SNPs. 
Marked with * are statistically significant correlations, after adjustment for multiple testing (p-value threshold after Bonferroni correction: 0.05/98=5.1 x10-4). 
Highlighted in gray are correlations with coefficients ≥ 0.25. M.E.: mutually exclusive 
 
Type of prior knowledge  q1 q2 q3 q4 q5 q6 q7 q8 q9 q11 q12 q13 q14 q15 
SNP in a transcribed but not translated region q1 1 
SNP in a translated region but does not change the amino acid q2 M.E. 1
SNP changes the amino acid but not in functional protein domain q3 M.E. M.E. 1 
SNP in a functional protein domain q4 M.E. M.E. M.E. 1 
SNP in a regulatory region which is not transcribed q5 -0.19* 0.01 -0.01 0.01 1 
SNP in a transcribed regulatory region q6 0.22* 0.04* 0.01 0.0* M.E. 1 
SNP in genomic region evolutionary conserved in vertebrates q7 0.04 0.32* 0.16* 0.31* -0.01 0.07* 1 
SNP in a gene investigated with the phenotype in meta-analysis or > 1 study q8 0.08* 0.03 0.02 0.06* -0.01 0.07* 0.05* 1 
SNP in a gene investigated with the phenotype in a single study q9 0.13* 0.01 0.02 0.02 -0.01 0.04* 0.02 M.E. 1 
SNP in a locus where other SNPs investigated with the phenotype q11 0.60* 0.05* 0.05* 0.05* -0.07* 0.16* 0.08* 0.12* 0.18* 1 
SNP in a gene associated with the phenotype in animal (mouse) models  q12 0.02 -0.01 -0.01 -0.01 -0.01 0.02 -0.01 0.05* -0.01 0.02 1 
SNP in a gene highly expressed in a tissue relevant to the phenotype q13 0.12* -0.01 0.03 0.02 0.01 0.05* 0.02 0.02 0.07* 0.12* 0.03 1 
SNP in a gene which encodes for a protein in  pathway relevant to the phenotype q14 0.30* 0.08* 0.01 0.08* -0.03 0.10* 0.10* 0.15* 0.15* 0.28* 0.02 0.14* 1 




Supplementary Figure 1. Box plot of the findings on the 20 items of the original questionnaire in Delphi Round 1. Relative probabilities (RP) are presented on a 












Supplementary Figure 2. Correlation matrix for the 20 items of the original questionnaire* in the first Delphi round. The shape of an ellipse indicates the 
magnitude of the correlation: circle=no correlation; line=perfect correlation. The color of an ellipse indicates the direction of the correlation: blue=positive 
correlation; red=negative correlation 
I_1	 I_2	 I_3	 I_4	 I_5	 I_6	 I_7	 I_8	 I_9	 I_10	 I_11	 I_12	 I_13	 I_14	 I_15	 I_16	 I_17	 I_18	 I_19	
I_2	 0.9929	
I_3	 0.9051	 0.9041	
I_4	 0.9283	 0.9166	 0.9649	
I_5	 0.5742	 0.5807	 0.7580	 0.7072	
I_6	 0.7497	 0.7280	 0.8348	 0.8932	 0.7604	
I_7	 0.8744	 0.8672	 0.7633	 0.7984	 0.7390 0.7066
I_8	 0.8964	 0.8905	 0.7750	 0.8215	 0.7114	 0.7246	 0.9814	
I_9	 0.0865	 0.0816	 0.2416	 0.2943	 0.1690	 0.5616	 ‐0.0562	 ‐0.0553	
I_10	 0.1551	 0.1874	 0.1673	 0.1571	 ‐0.0544	 0.1507	 ‐0.0037	 ‐0.0255	 0.6327	
I_11	 0.0637	 0.0516	 0.3114	 0.2980	 0.2422	 0.4729	 ‐0.0836	 ‐0.0565	 0.8217	 0.5982	
I_12	 ‐0.0211	 ‐0.0406	 0.0750	 0.1489	 ‐0.0237 0.4329 ‐0.1788 ‐0.1187 0.9026 0.5372 0.8436	
I_13	 ‐0.0993	 ‐0.1208	 0.0193	 0.0990	 ‐0.0668	 0.3394	 ‐0.2542	 ‐0.1675	 0.7842	 0.4507	 0.8603	 0.9558	
I_14	 ‐0.0836	 ‐0.0957	 0.0524	 0.1150	 ‐0.0847 0.2991 ‐0.2771 ‐0.1813 0.7340 0.4669 0.8709	 0.9126 0.9857
I_15	 ‐0.0442	 ‐0.0547	 0.0404	 0.1097	 ‐0.0786	 0.3300	 ‐0.2134	 ‐0.1206	 0.7840	 0.5472	 0.8464	 0.9587	 0.9849	 0.9740	
I_16	 0.2140	 0.2270	 0.1497	 0.2471	 ‐0.1016	 0.3302	 0.0224	 0.1531	 0.5519	 0.5210	 0.5987	 0.7671	 0.8080	 0.8277	 0.8732	
I_17	 ‐0.0395	 ‐0.0962	 0.2252	 0.2663	 0.1802 0.4605 ‐0.1656 ‐0.1904 0.7184 0.1955 0.7517	 0.6425 0.6390 0.6117 0.5303 0.1566
I_18	 0.0393	 ‐0.0306	 0.2362	 0.2964	 0.0965 0.4618 ‐0.1125 ‐0.1317 0.6587 0.1529 0.7013	 0.6311 0.6290 0.6030 0.5214 0.1982 0.9703
I_19	 ‐0.0880	 ‐0.1131	 0.1789	 0.2333	 0.1725	 0.4673	 ‐0.2274	 ‐0.2211	 0.8733	 0.3940	 0.8339	 0.7922	 0.7781	 0.7507	 0.7077	 0.3718	 0.9144	 0.8251	


















































































































*I_1: The SNP is in a transcribed genomic region; I_2: The SNP is in a translated genomic region (exon); I_3: The SNP changes 
the amino acid; I_4: The SNP is in a functional protein domain; I_5: The SNP is in a regulatory region; I_6: The SNP is in a 
transcribed regulatory region; I_7: The SNP is in a genomic region evolutionary conserved in vertebrates; I_8: The SNP is in a 
genomic region evolutionary conserved across all kingdoms; I_9: The SNP is in a gene (±5kb) that has been associated with the 
same/closely related phenotype in a high quality study or a meta-analysis; I_10: The SNP is in a gene (±5kb) that has been 
associated with the same/closely related phenotype but not in a high quality study or a meta-analysis; I_11: The SNP is in a gene 
(±5kb) which is under a linkage peak that has been associated with the same/closely related phenotype; I_12: The SNP is in a 
locus within which other SNPs have been associated with the same/closely related phenotype; I_13: The SNP is in a gene (±5kb) 
that has been associated with the same/closely related phenotype in vertebrate animal models; I_14: The SNP is in a gene (±5kb) 
that has been associated with the same/closely related phenotype in invertebrate animal models; I_15: The SNP is in a gene 
(±5kb) that has been associated with the same/closely related phenotype in in-vitro functional models; I_16: The SNP is in a gene 
(±5kb) which has tissue expression relevant to the phenotype; I_17: The SNP is in a gene (±5kb) which encodes a protein 
relevant to the phenotype; I_18: The SNP is in a gene (±5kb) which shows gene/protein interactions relevant to the phenotype; 
I_19: The SNP is in a gene (±5kb) belonging to a gene family of which a member has been convincingly associated with the 






Supplementary Figure 3. For each of the 7 traits, percentage of SNPs for which the specific type of prior 
knowledge is available: comparison between “true” and random SNPs. In the first graph, results are pooled 
and percentages are calculated as weighted average across the 7 traits. RP=pooled relative probability (and 











































































































































































































































































































































































































































































































































































































































































































































































Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q11 Q12 Q13 Q14 Q15
SNP in 
transcribed but 
not translated 
region
SNP in translated 
region but no 
change to amino 
acid
SNP changes 
amino acid but is 
not in functional 
protein domain
SNP in functional 
protein domain
SNP in 
regulatory, not 
transcribed 
region
SNP in 
transcribed 
regulatory region
SNP in 
evolutionary 
conserved region 
in vertebrates
SNP in gene 
investigated with 
the phenotype in 
meta‐analysis or 
> 1 study
SNP in gene 
investigated with 
the phenotype in 
a single study
SNP in locus 
where other 
SNPs are 
investigated with 
the phenotype
SNP in gene 
associated with 
the phenotype in 
animal (mouse) 
models 
SNP in gene 
highly expressed 
in tissue relevant 
to phenotype
SNP in gene 
encoding for 
protein in 
pathway 
relevant to 
phenotype
SNP in gene 
showing 
protein/protein 
interactions 
relevant to 
phenotype
Obesity SNPs (N = 32)
Random SNPs (N = 1000)
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